Introduction {#sec0005}
============

Injuries of the distal insertion of the biceps brachii are uncommon, with an incidence of 1.2 per 100,000 patients per year.[@bib0120] The most common mechanism of injury is characterized by an eccentric muscle contraction, with the elbow flexed at 90° and the forearm in supination, occurring predominantly in the dominant upper limb of males around 40--50 years.[@bib0125]

Surgical treatment is superior to conservative approach regarding clinical and functional results. Conservative treatments usually lead to muscle weakness, mobility disorders, and esthetic deformities.[@bib0130], [@bib0135]

Numerous surgical techniques are reported for the reinsertion of distal biceps, through double or single access route, with different fixation methods, among which the most commonly used are bone tunnel, interference screw, endobutton, and suture anchor.[@bib0140] Clinical studies have demonstrated the advantages of single access route, with excellent results in repairs using suture anchors.[@bib0145], [@bib0150]

This study aimed to describe a minimally invasive surgical technique for repair of the distal biceps tendon through two double-loaded suture anchors, as well as to describe its clinical and functional results.

Material and methods {#sec0010}
====================

This study reviewed the medical records of patients who underwent surgical treatment of distal biceps brachii insertion injury during the period between January 2008 and July 2014.

At first, 39 cases of distal biceps injury were retrieved. Inclusion criteria were distal, isolated and closed biceps lesion; less than six weeks between injury and surgical treatment; use of the same surgical technique; and a minimum postoperative follow-up of six months. Exclusion criteria were partial and chronic injuries of the distal biceps tendon; surgical technique with double access route; fixation material other than suture anchors; use of graft for tendon fixation; and postoperative follow-up of less than six months. Thus, after reviewing charts, 22 patients were included in the present study ([Table 1](#tbl0005){ref-type="table"}).

Lesions were diagnosed by physical examination (hook test) and imaging (magnetic resonance imaging \[MRI\] or ultrasound) confirming a complete rupture of the distal insertion of the biceps.

Patients were assessed regarding range of motion with a goniometer, which measured the degrees of flexion-extension and pronosupination, and presence of pain, assessed by the visual analog scale (VAS); the Andrews-Carson[@bib0155] and the Mayo Elbow Performance Score (MEPS) scores were applied.[@bib0160]

All patients signed an informed consent form prior to their participation in this study, which was submitted to the evaluation and approval of the Ethics Committee for Research in Human Beings.

Surgical technique {#sec0015}
------------------

All patients were positioned in horizontal dorsal decubitus position; the affected upper limb was prepared without a tourniquet, as the authors believe that the use of a tourniquet increases the difficulty of the procedure by limiting the mobilization of the distal biceps tendon.

A single access route was created approximately 2.5 cm from the cubital flexion crease, guided by fluoroscopy for initial location of the radial tuberosity on its ulnar edge ([Fig. 1](#fig0005){ref-type="fig"}). A 5-cm surgical incision in the anterior region of the proximal third of the forearm, at the radial tuberosity, in the transverse plane, with careful dissection of soft tissues, allowed the search in the superficial plane for the distal biceps tendon stump, proximally retracted ([Fig. 2](#fig0010){ref-type="fig"}). Traction sutures were passed through the biceps tendon in its tendinous portion to enable its mobilization and re-approximation at its anatomical insertion, at the ulnar edge of the radius, with the forearm in complete supination and at 10° of elbow flexion ([Fig. 3](#fig0015){ref-type="fig"}). The soft tissue and the lacertus fibrosus were released to allow increased mobility when necessary. The radial tuberosity was exposed by delicately displacing soft tissues, thus avoiding neurological and vascular injury. Then, the radial tuberosity was debrided for removal of residual tendon tissue and scarring, in order to allow bleeding, aiming to potentiate adhesion of the reinsertion.

Two 3-mm suture anchors, loaded with high-resistance filaments, were positioned in the radial tuberosity, aligned (one proximal and one distal), with approximately 1 cm distance between them. Two independent sutures were passed through the regularized distal stump, with self-locking stitches, to allow the tendon to be re-attached to the bone ([Fig. 4](#fig0020){ref-type="fig"}). The distal anchor repair was fixated first to establish the length of the tendon; then, proximal anchor repairs were fixated, which allowed the tendon footprint to be recreated maximizing tendon-bone contact area.

Stability of the repair was confirmed under direct visualization, with evaluation of the biceps brachii tendon tension. Wound was then stitched, with approximation of the subcutaneous tissue and sterile dressing.

Results {#sec0020}
=======

The present study included 22 patients with acute and complete injury of the distal biceps brachii insertion. All patients were male, with a mean age of 45 years (28--67). Dominant limb was affected in 18 cases (81.8%).

All patients presented elbow flexion against resistance with the forearm in supination as the mechanism of trauma; only two occurred during sports training. All patients underwent physical examination with hook test, which was found to be positive in 19 patients (86.3%). The following complementary exams were requested: elbow radiographs (front and profile) in all cases; 14 elbow MRIs (63.6%); and eight ultrasounds (36.3%) for confirmation and assessment of the elbow lesion.

Mean time between injury and surgery was eight days (1--35).

Mean follow-up was 12 months (6--18). During postoperative follow-up assessment, no patient reported pain by VAS scale; all were satisfied with the esthetic appearance of the surgery. Range of motion remained unchanged at 95.4% of patients, with loss of 8° of supination in one patient. Results of the Andrews-Carson score were good in 4.6% and excellent in 95.4% of cases; MEPS presented excellent results in 100%.

In the present sample, a complication rate of 27.2% was observed. Six cases were reported: four patients presented neuropraxia of the lateral cutaneous nerve of the forearm; one, radial neuropraxia; and one, partial loss of ROM, but without clinical repercussions during daily activities and with improvement in clinical follow-up.

Return to activity and the practice of sports occurred in three months, at the same level as before injury.

Discussion {#sec0025}
==========

Distal biceps tendon ruptures represent 3% of biceps ruptures.[@bib0165] However, a recent study by Safran and Graham[@bib0120] showed an approximate incidence of 10%. It occurs preferentially in males in the fifth and sixth decades of life, mostly in the dominant limb, and trauma mechanism is mainly an eccentric biceps contraction on a flexed elbow. In the present study, only male patients were included, with a mean age of 45 years, involvement of the dominant side in 86% of the lesions, analogous to the literature data.[@bib0130]

Diagnostic evaluation of acute distal biceps injury is initiated by medical history and physical examination, with specific tests such as the hook test. Based on clinical history, with reports of the main trauma mechanism by eccentric contraction, followed by clinical development of pain, edema, and ecchymoses in the cubital fossa, as well as a positive hook test, we can establish distal biceps injury as the main diagnostic hypothesis. In the literature, the hook test presents a sensitivity and specificity of 100%.[@bib0170] Nonetheless, complete rupture, degree of retraction of the tendon stump, and presence of associated lesions were confirmed through additional tests. Ultrasonography allows identification of lesion as partial or complete, with studies showing 95% sensitivity and 71% specificity. It is also possible to determine degree of retraction of the tendon stump.[@bib0175] This exam is inexpensive and easy to perform in Brazil; therefore, it was used in 40% of the sample. MRI is considered the gold standard exam for definitive diagnosis; it also aids surgical planning and discards associated lesions.[@bib0180] Thus, this method was preferred and applied in 60% of the present cases ([Fig. 5](#fig0025){ref-type="fig"}).

The best treatment for distal biceps injuries, whether conservative or surgical, is no longer questioned in the literature.[@bib0185] Conservative treatment results in muscle weakness, with loss of supination force of approximately 40% and flexion force of approximately 30%, as well as restrictions in activities of daily living.[@bib0135] Thus, the authors agree with the literature, reserving conservative modality for patients who cannot be submitted to surgery and elderly patients with low functional demands.[@bib0135], [@bib0185]

Surgical treatment is the chosen approach and should be performed as early as possible; a period of up to six weeks has been established, as it allows recovery and mobilization of the retracted distal biceps tendon and, thus, allows anatomical fixation of the tendon in the radial tuberosity. Another important factor is to avoid closure of the space previously occupied by the tendon to the place of its insertion, by fibrous tissue and/or pseudotendon. This closure leads to changes in local anatomy, caused by adhesions and local fibrosis, hindering safe exposure and the identification and protection of noble structures, especially the lateral cutaneous nerve of the forearm. The lateral cutaneous nerve is located laterally to the distal biceps tendon, close to the radial tuberosity; it may be affected in both rupture and surgical reinsertion, being responsible for the most frequent complication in this type of procedure.[@bib0130], [@bib0190], [@bib0195] Therefore, the present approach allows for a safe dissection of soft tissues; the tunnel of the distal biceps tendon can be visualized, with tendon excursion to its reinsertion point. This reduces the risk of neurological injuries, which reduces the rates of complications related to the time period between injury and surgical repair. This approach also allows restoration of forearm supination force and elbow flexion to near pre-injury level.[@bib0145]

There is no consensus in the literature regarding best approach and best method of fixation for distal biceps ruptures, and there are many possibilities. Grewal et al.,[@bib0200] in their randomized clinical trial, observed no difference in results when comparing single and double access routes. In 2014, a systematic review by Watson et al.[@bib0205] found small differences, although not statistically significant, when comparing rates of complications between these routes; the authors stated that more research was needed. The authors opted for a single access route, created 2.5 cm  from the cubital fold, 5-cm long with transverse orientation, as this approach provides excellent visualization of the radial tuberosity, allows resection of the stump of the distally-retracted ruptured tendon and limited dissection of soft parts, reduces the risks of complications, and has a better esthetic result ([Fig. 6](#fig0030){ref-type="fig"}). The choice of a single access route on the radial tuberosity, in which the correct forearm positioning for maximum supination and semi-flexion for the reinsertion of the distal tendon of the biceps are important, is based on the anatomical knowledge described by Mazzocca et al.,[@bib0210] supplemented by other anatomical studies that describe the footprint of the distal biceps tendon region located in postero-ulnar radial tuberosity, measuring 21 mm in length and 7 mm in width.[@bib0215], [@bib0220]

Due to the availability of different fixation methods for the reinsertion of the distal biceps, each with its own characteristics, advantages, and disadvantages, several biomechanical studies comparing these methods have been conducted, showing divergent results, powering the doubt of which method is preferential. Mazzoca et al.[@bib0140] assessed the four most common methods of treatment (bone tunnel, endobutton, interference screw, and suture anchors) in cadaveric elbows subjected to cyclic loads of 50 N force from 0° to 90° flexion and concluded that the endobutton technique presents greater resistance to failure. However, most clinical studies use suture anchors as a method of comparison between the available fixation techniques, observing optimal clinical and functional results.[@bib0130], [@bib0225] Few clinical studies with the use of endobutton are available; therefore, new studies are needed to allow a better comparison of the latter two techniques.[@bib0230] In the present study, reinsertion was made with two suture anchors, which reestablished length and recreated the footprint of the tendon. In the present practice, this material is available, and good surgical results in short- and long-term follow-up were achieved with this technique, without loss of fixation.

In the present sample, complication rate was 27.2%, similar to that reported in the literature, which is 26.4%.[@bib0205] Associated with this factor, during follow-up 4.6% good and 95.4% excellent results were observed in the Andrews-Carson score, as well as 100% excellent results in the MEPS scale. These findings confirm the satisfactory results of this surgical technique. Most common complication was neuropraxia of the lateral cutaneous nerve of the forearm; this was also mentioned in most studies as the main complication.[@bib0205] Recovery from neurological symptoms occurred in the first months of postoperative follow-up. Neuropraxia of the radial nerve was observed in the patient with the longest time period between injury and surgical procedure (35 days).

All patients followed the specific rehabilitation protocol set forth by this group. The repair allowed early passive movement within one week postoperatively; a sling was used for two weeks, and active movements were initiated at four weeks, which evidenced the effectiveness of this method of fixation. Mean time to return to activities with a level similar to that presented before injury was three months, with no complaints and with a high satisfaction index.

Conclusion {#sec0030}
==========

Early surgical repair of acute injury of the distal biceps through a single incision at the proximal forearm and fixation with two suture anchors in the radial tuberosity is an effective and safe therapeutic option, allowing early motion and good functional results.
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![Intraoperative location of the radial tuberosity, using radioscopy.](gr1){#fig0005}

![Single access route.](gr2){#fig0010}

![Traction suture in the ruptured distal biceps tendon.](gr3){#fig0015}

![Self-locking stitch to allow the tendon to be re-approximated to the bone.](gr4){#fig0020}

![T2-weighted magnetic resonance imaging of the forearm after injury, with fat suppression, showing complete rupture of the distal biceps (arrows). A, coronal cut; B, axial cut; C, sagittal cut.](gr5){#fig0025}

![Clinical evaluation at four weeks postoperative, with evaluation of surgical scar in the proximal forearm (arrow).](gr6){#fig0030}

###### 

Epidemiological data of patients with acute injury of the distal biceps brachii insertion.

Table 1

       Age   Sex   Dominance
  ---- ----- ----- -----------
  1    53    M     \+
  2    35    M     
  3    43    M     \+
  4    31    M     \+
  5    39    M     \+
  6    67    M     \+
  7    65    M     \+
  8    37    M     \+
  9    61    M     \+
  10   42    M     \+
  11   47    M     \+
  12   40    M     
  13   38    M     \+
  14   64    M     \+
  15   35    M     \+
  16   41    M     
  17   56    M     \+
  18   55    M     \+
  19   36    M     
  20   28    M     \+
  21   38    M     \+
  22   43    M     \+
